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L 1. Kakurin, 8. E- Yegorov, Ye. I. Ii'ina and H. A. C h e r e w n  

The =in task of the st~ljr vas t o  prevent the disturbance of the 

fbc t iona l  sthte of t h e  zuscular  systen, lowering of the muscular tonus, 

and atropby, under conditions of limited mobility with the aid of 

electrical st imlation. 

It vas assumed that t h r  sction of electr ical  stimuli on large muscle 

groups, according t o  ti,e princple of t h e  "local effect," formulated 

by Scheriagton, provide.; for a whole complex of reactions i n  t h e m ,  

includiag vascular reac, ions vhich are chrac t e r i s t i c  for natura l  

rotion ond which take ! - ; to account both the requirements of the muscles 

themselves IS w e l l  as the ent i re  organism. 

the functional state  of the muscles couicl render no single positive 

result on their trophicr.1 spitem. 

w c t e d  fnw blood cirwlat ign and the occurrence of a number of 

metabolic processes (l,;, 3). Electrical stfmulation as a means of 

action on the vascuhw reactions is similar to the fact that while 

ShaLgiw its intensity one can cause pressor or depressor reactions 

in the stimulated musc~es (41. 

Thus, the maintenance of 

Aa average positive effect  could be 

In the first experiment.. 2 young male volunteers were kept for 45 ( Sic) 

W s  under continuous b e - t i  res t  i n  an antiorthostatic position at an 

Lr-llnction angle of 6'' (head lower than legs). 

l e  t h e  series of tests. 

for electrical Etimu1at;on; l2 electrodes were used 

There vere 4 subJects 

XI?. the first series 20 electrodes were used 



i n  t k  tbird series. Srimlations vas done tvicc a day in the 

tbt .olrus -le of the right letg of each subject by biopsy for 

vJarphological aob histochemical studies. 3 days after t k  test -8 

qmcfwns of ruscolar tissue, vhich w e r e  subJected to a sirrgle treat- 

meut In C o o a l c t i p g  this or that histocmcal reaction d kter 

Ir, order to cmclde  thc effect of biopsy on the hractional o b k  of the 



All sub.iects perceived electrical stimulations as an agreeale procedure. 

In spite of the long us' of the electrodes, there were 110 i a i d t i o n  

m t i o n s  of the intwr.--.nts. 

!!lie first 3-5 days of W;.okfnesia were most distressi~g to the subjects. 

Of  ti^ complaints M, the most characteristic =re: sensation of 

hca;rl=ss in the w o n  of the head, headaches, dirrintss i n  certain 

~ oIw8 rad S p t i r l  i b i i > n S .  Redd- Of tbt SC- sad intcrqrncnt 

of t k  ihce was noted. % of the face of r o s t  of wra subJccts 

was mhtained up tbc e r i  of the experimmt. 

as8ociakd w i t h  the re6;stxibution of the blood uere mt dbscncd 

i n  thc first days after completion of tbe bed rest. 

ClqpCrivIltdl comiltions was better in subjects subJected to electrical 

-tion. 

These exterxml s w  

Tolmancc of the 

torrrrs of the shinandhipIrrscldBwas loueredandthelrpcrirrkr 

decrcsscd in a l l  subjects at the e& of t& expcriwnt. 

I. 

atepre of expression of tkse changes w a s  most expressed in 

.rrbjacts of tbt control group. In particular, the hardness of t& 

anterior tibial mscle in the control group drcreascd OD the arerrga 

by 21.e w h i l e  in the abject wfth electrical rtmlations It w a s  

but in tm series wlth stiaalation it yls 5 . 6  and 6.w correspondingly. 



subJects vi th  electrichi stimlation. 

effect of s t m t i o a  wss shovn duriw measurement of puscle force. 

While conducting the t e z i  an a bicycle 

ham3 of hi@ intensity causing an increase of the prhe rate up to 

l’tO-l& beats per rinute, there was m observable positive effkct 

iror el&cal stirulatton at  once af’ter the completim of tba 

AdditioaaUy, the positire 

vith 8 *si& 

cqrcriwnt, lnat it was observable aurirg$ c d c t i n g  this test 3.0 d q s  

after b0rpcrLi_lPcsia. 

t t e l y  after carpletion of t& bed rest regtme, tbc &statLC 

stability of all the s5Jects  was decreased. 

s~propc state vas obse-xed, one in the control graup and tu0 $n tbs 

tUrd series. In tbe 2 r i  series a bigher tolerance of the ortlmtatic 

teut w sharn. 

In three subjects a 

Here time vas DD syncope states, the prlse rate 

ccmsiderably lower than i n  the control m, wKch va8 

Blactric skrdy indicated that i n  a l l  fatr subjects, king in a state 

Oi Iprpoirintsia, a s t a t i c l y  (sic) reliable decrease in the -lure of thc 

red #LIIculaF fibers occ?rlrred in the soleus muck and in kro subjects 

8 t h l 4 i i a p l  (pa series), the r o b  of a t s c u h r  fibers either remined 

uae)unnrd or immmsed, with the exception of only one subJact in  whom. 



hir increased in volum The positive effect of electrical s t i r u b t i o n  

vas also seen in study; . the muscle fibers of subjects of the 2nd series. 

!bus, bypokbesia last;;-: 30 days leach t o  the developwnt of atrophic 

w s e s  in  t h  soleus ..;iscle, i n  large measure expressed in the red 

-le fibers- Electric21 stimulation of the mscle or lnd€viduals 

itmml in a s t a t e  of m-~inesia prevents the dwelopent  of atropkic 

pmcesserr both i n  the rt-G and also i n  the white puscle fibers. 

12t.tocbcdcal sktdies of the oxylytic enzymes (succinate debydrqpnase, 

w-pbate crc-llllse, beta-hydmxybutyra te dehydrogenase. 

adums- triphospbstascj of I N S C U ~ ~ ~  t issue permitted the estabhsh- 

meut of a shirt in the exylytic metabolism. Kauever i n  each subJect . 

t k  c h q p  i n  activiw oi' the oxylytic enzymes, as a rule, bore its 

am special ctiarsctcr in connection With which it YIF mW1y di f f icu l t  

to evaluate the ef'fect of electrical stlamlation. 

Blcctron dcroscapic data attest t o  the fact that i n  muscle fibers 

dtirisg hypokhsia, expressed structural changc80ccur i n  the con- 

-* rpparakto, - s a d  i n  tk isolation of the .Lyoiibrills, 

tlWr local lysis, in swelling and destruction of thc stria. 

bgrpohirwrir, In carbination with electrical st-latiorr, 

tessellation of the ultrastructures o r  muscular fibers is observed. 

'Ibis rrhtes to the form and sizes of the mitoebondria, density of 

the crista pckirr[f, the app#rarrce o? a large amber of ribosopKo and 

In smlar wscle fibers, necrotic sections w e r e  observed. 
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On the basis or the data derived, obtained during cl inical  observations 

or subjects, pbysiologfca.1 and morphologfal investigations, the opinion 

vas formed on the fact  tiiat electr ical  stimulation of the muscles, 

as a 

Pl'optlOTlaris of a number of i\mctional disturbances, 

tboec vhich irwritably occur in man i n  space flight. We surmise that 

the pxrqhylactic effect of active a c l e  trainiag can be streagtheaed 

If  it will be copbind vlth electrical s t imla t ion  of the ruscles. 

lbrgccially as in space flight there are no serious limitations for 

thc use of the two methot% indicated. 

p4ysical trainisg and electr ical  szinulation vas observed in  a special 

aqwri3lcat. Just 86 i n  t k  previous experiment, nine subJects underwent 

sewen weeks of bed rest, maintaining continuously an antiorthostatic 

position (head lawcr than -8) .  Six subjects daily completed watk 

on a bicycle -r for 60 Pimates daily, witn an awrgy loss of 

500 kcal while h y i n g  on their spine. Additionally, owe a day tbe  

subjects theuKlvca cmducted electrical stimulation of the muscles 

of t b  spinc, Swapcn, cnd lags for 15 mlnxtes. 

u a control ( v n e s i a  w i t h t  e lectr ical  s t iwtht ion) .  

t88k of tu8 -nt consietd in Psi- the initial s t a b i u t y  

of t& cardia-respbratory system of man in relation to  the pbysical 

of aon-specific training, can be pspective for the 

t o  

The prophylactic effect o$ 

Tbree subjects were used 

nuin 

lad clou to the U t i a g .  

rpht 11Spr8ical work capcity of tbe subJects was studied in  a background 

psrhd, spd later 00 the second and 25th days of the recuperation 

A test fer mxiaum msical work VII used am tba mti-1 

&ad. &f%e.r meordim thh f a f t b l  frdfces, the rubJmt in ritting 



position waled a bicycle ergometer for 5 minutes at a constant 

power equal t o  600 kg-m/;;rio; later, beginning with 6th and each subse- 

v e n t  minute the load level was increased by 100 kg-m/min (the 7th 

a l a t e  ,- 800 &-m/min; 8th minute - 900 kg-m/min; e tc)  u n t i l  complete 

fatwe. rate of p i a l  rotation was constant a t  65 plus or minus 

5 rpr. Mllg the test, the following were recorded: time i n  which 

tbc subJcct was in a state  t o  complete the increasing test (not con- 

sidering the 5 minutes of stretching), the rate of heart contractions 

on an electrocar~sgrcup with chest leads, and gas exchaage OB an 

Sutocatic &as amlyser.  

M n g  the evaluation of the work capacity of the subjects, a large 

value was imparted to  t;<c Plaximm requirement of 0 4 - n  (mx o 

and its con$umption per unit of w e i g h t  (max O.&,ml/k.&in). 

this t%me this paraaeter is recognized as an integral  index of the 

ihnctloaal capacity of the cardio-respiratory system. It has been 

established i n  numerous experimental investigations (including our 

am) tbat w i t h  an increase i n  the level of treining (physical work 

c a p c i t y )  tbis Index increases, but w i t h  a decrease, it falls. 

l/") 2' 
A t  

A@ follows frm the table presented, af'ter the 494y bed nst, the 

time In the course of which the subljscts pedaled a bicycle ergometer 

i n  tha control group decreased by 2 minutes 06 seconds but i n  the 

t. ;erlmental group it rose by "7 seconds in complrrison with the - 

Initla1 data. The inqiency of card3ac contractions, with which a 

the subjects of both groups coprpletad the work on the bicycle 



cardiovascular system beLh in this and in other cases was approximately 

qual .  

i n  practically all the s*ibjects rose (on tbe average by 0.21 l/min 

or by 8$) and in the cai.!.rol group it decreased (on the average by 

0.9 l/min or by 1s). 

mmdmum oxyeen requirement in the experimental group rose on the 

avemge by 3.6 ml/k,g/min (i .e.  by log) and i n  the control group it 

d c ~ r c a s ~ d  by b.3 ml/kg/c.a (i.e. by *). 

!Rms the! arauimi:n oxygen requirement i n  the experimental group 

~n calculations for unit body weight, the 

m s  attests . to  tbe fact that i n  the experimental group the 

ibzlctional level of the caxbio-respiratory system is  completely- 

rrrintained while in the control grarp it w a s  considerably lowered. 

Thus, tbe data presented offer the possibility to draw the conclusion 

that tbe use of electrical stimulations in cd inat ion  with pbysical 

lrvdn perdt the maintenance of the physical work capacity of men i n  

tbt course of evea such long periods as a W-day bed regime. 
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